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XLIV.  A Fundamental E,~eriment in Electridty. By Prof. 
A. M. WORTm~aTO~, C.B., F.R.S., Royal Naval Engi- 
neerlnj Colleqe, Devor~ort ~. 

T HE object of the experiment which I desire to record 
was to ascertain whether any difference could be 

detected between space at a high electrical potential and 
space at a low potential, quite irrespective of the existence 
of any electric field in the space in question. 

Any easily noticeable difference was not to be expected. 
Such would probably have been long since discovered; for, 
if it exists, it can only correspond to some small residue of 
energy not accounted for in the well-established relations 
of the electric field. 

To most people the question may seem to have been settled 
once for all by the experiments recorded by Faraday in his 
'Experimental Researches,' vol. i. p. 1174, in which he 
describes how he constructed a hollow, insulated, conducting 
cube, inside which he went, "and lived in it, and using 
lighted candles~ electrometers, and all other tests of electrical 
states, could not find the least influence upon them, or indi- 
cation of m~vthing particular given by them, though all the 
time, the o~ltside of the cube was powerfully charged, and 
large sparks and brushes were darting off from every part of 
its outer surface." 

I t  must be observed, however, that what Faraday was 
looking for was some sign of what he called an absolute 
charge~i ,  e., as he explains, a charge existing by itself and 
not connected by lines of induction with a n  equal charge of 
opposite sign ; and it will be noticed that the tests he mentions 
were tests of " electrical states." He does not seem to have 
employed tests of other physical conditions. 

It  therefore seemed to me worth while to examine whether 
any difference could be detected in the velocities of light 
passing through ~wo tubes, the interior of one of which was 
at a high, and of the other at a low potential. 

The arrangement employed was that of a Rayleigh interfero- 
meter, and is shown in the diagram. 

The light of a C0oper-Hewitt mereury-vapour lamp A 
passes through a llne vertical slit B, at the focus of a colli- 
mating lens C. (This lens was an achromatic object-glass of 
126 cm. focal length.) The light then passes, as a beam 
of parallel rays, to the two fine vertical slits D D, and thence 
through the two open brass tubes E E, each 5 feet (152"4 era.) 
long, and separated by a partition of ebonite about 2 ram. 

* Communicated by the Author, 
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.4 Fandamental Experiment in Electric~),V. 3~3 t 

thick, 183 cm. long, and 30 cm. wide. The two beams are 
then received by the telescope-lens F (a Steinheil achromatic) 
28"4 in. (72"1 cm.) focal length and produce interference- 
hands in the focal plane of a cylindrical eye-lens G, made of 
a well-worked glass rod about 4 mm. in diameter. 
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The brass tubes were half-cylinders, obtained by splitting 
a complete tube about 5 cm. in diameter and 3 ram. thick into 
two equal halves, by sawing it from end to end. The sawn 
edges were then planed flat, and between the two halves was 
placed the sheet of ebonite, along the middle of either side of 
which was pasted a strip of tinfoil a little wider and a little 
longer than the tubes. The edges of the tubes were pressed 
firmly against the tinfoil, and the tubes were held in position 
by a series of stout insulating ebonite bars carried by a light 
wooden frame, not shown in the diagram. In this way 
the separating wall of ebonite was prevented from warping 
and was kept pretty accurately plane, at any rate along its 
middle par~, which was necessary on account of tile nearness 
to each other of the two slits D D. 

From the middle of the outside of each tube projected a 
brass rod with a knob, and these knobs could be connected 
with a Wimshurst induction-machine (see fig. 2). When the 
machine was worked a potential-difference was established 
between the two tubes, and this increased until a spark passed 
between adjustable knobs at K, which were kept about 1�88 inches 
apart (30 mm.). The optical apparatus at one end, and one end 
of the frame carrying the tubes and partition, rested on a table 
standing on a base of concrete, the other end of the frame and 
the remainder of the optical parts on a similar table ; the 

Phil. Mag. S. 6. Vol. 10. No. 57. 8eTt. 1905. 2 D 
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382 A Fundamental Ecc'perimeJd iu Eleetriclt}/. 

electrical machine was placed below the middle of the tubes 
between these two tables. 

The experiment consisted in watching the interference- 
bands as the potential-difference rose and then suddenly fell 
on the passage of the spark, and looking for a shift of the 
bands. To aid in the detection of the shift, the edge of a fine 
silk fibre, fixed in the middle of the field of the cylindrical 
eyepiece, served as a fiducial line. When care was taken 
not to touch either table, no shift whatever could be detected 
either when the spark occurred or while the potential- 
difference was accumulating. 

With the slits D D about 4 ram. apart the bands as viewed 
were just about 1 degree of arc apart, and a shift of ~0 of this 
distance could have been easily detected. Sometimes the 
slits D D were placed wider apart and the beams brought 
together by means of a parallel plate Jamin separator shown 
at H in fig. !. With this arrangement the separation of the 
middle of the bands was about ~ of a degree, but the definition 
was not so good. Sometimes the slits D D were traversed 
by the light after it had passed through the tubes, instead of 
before; but the result was always the same. 

The difference of potential when the spark passed was 
ascertained to be about 60,000 volts. The wave-length of the 
light to which the predominating part of the illumination 
was due may be taken as 57 X 10 -s cm., and the experiment 
therefore shows that a difference of potential of 60,000 volts 
does not, in a length of 152 cm. of air, produce a relative 

I retardation of as much as fi  of 57 x 10 -s cm.; so that, if 
there is any differeaCe in the velocities through the tubes it 

1 1 57 1 ' 
is less than 1.~2 >(fib •  of the whole, i. e. less than .~ of 
one-millionth of the whole. 

Observations on the Experiment. 
I t  is satisfactory to notice that the observations were not 

appreciably disturbed by any secondary effects due to dis- 
placement of' the optical parts through the action of electric 
forces. Even if such effects had, however, been observed, 
they could have been distlnguishedfrom the effect sought, 
through their remaining unaltered when the charges of the 
tubes were reversed in sign. 

The sensitiveness of the experiment couid probably be 
considerably increased by extending the length of the tubes, 
for this should not increase any secondary disturbance due to 
electrification. There might be some difficulty in procuring 
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very long sheets of ebonite: indeed that which I used had to 
be specially rolled. But it is not necessary for the tubes and 
sheets to be continuous; a succession of short lengths could 
be employed. I think, however, that a practical limit must 
exist to the total len th of tube that can be advanta_~eou~tv g <j  , 

employed, for the definition was always better when the 
tubes were removed, and was better with tubes 1 foot long 
than with tubes 5 feet long, a fact which must, in part at any 
rate, be attributed to reflexion of diffracted and scattered 
light, at grazing incidence from the partition into the field of 
the eyepiece. I t  was to diminish the effect of such reftexion 
that in some experiments the slits D D were set wider apart 
and the beams subsequently brought nearer together by the 
parallel-plate Jamin device. But the gain was apparently 
more than compensated by the loss due to the dispersion, by 
refraction, of each beam in traversing the Jamin plates, since 
the light was not homogeneous. With a homogeneous source, 
if one bright enough can be found, this would not happen. 

July 2"2, 1905. 

XLV. The z~Ether " D r i j t "  and Rotary Polarization. 
By D. B. BRACE* 

M ASCART% some thirty-five years ago, first examined 
the effect of the motion of the earth on double circular 

refraction, using R- and L-quartz, from which he concluded 
that the rotary power of quartz is not altered by the ~6~-~o 
part when the ray is reversed in the direction of motion of 
the earth. 

Lord Bayleigh :~ recently repeated this experiment, also 
using quartz, in which he ibund that such a reversal does not 
alter tile rotation by ioo(~o-61 part. 

By using an active oil--the oil of caraway--and reversing 
the ray so as to compensate for rotary dispersion, [ have been 
able by means of a sensitive-strip analyser, giving a much 
higher accuracy, to carry the limit certainly twenty-five and 
probably fifty limes as far, so that we may conclude that the 
effect of the motion of the e:lrth on the rotation in active 
substances is certainly less than .~,oo~oool and probably less 

1 of the total rotation. th,,n loo(roooo 
Lorentz w in his early analysis, gives two first order terms, 

Communicated by the Author. 
t ,Ann. de l'.Ecole Normale, vol. i. p, 157 (1872)~ 
++ :Phil. May. Aug. 1902, p. 215. 
w Versuch einer Theorie, Leiden (1895), p. 118. 
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